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BEHAVIOR AND HABITAT USE OF BREEDING NORTHERN 
HARRIERS IN SOUTHWESTERN IDAHO 

JOHN W. MARTIN 

ABSTR^CT.--Radiotelemetric and visual monitoring of four breeding pairs of the Northern Harrier (Circus 
cyaneus) in predominantly shrub-steppe habitat of the Snake River Birds of Prey Area, Idaho, indicated 
that harriers used riparian and cultivated habitats disproportionately. As alfalfa growth approached 46 
cm height, males shifted from predating voles (Microtus sp.) in alfalfa fields to the Western Whiptail 
(Cnemidophorus tigris) in open shrub-steppe habitat. Mean minimum home ranges of males were estimated 
at 15.7 km 2 while those of females were estimated at 1.13 km 2. Males ranged up to distances of 9.5 km 
from nests. Males hunted most intensively in the second week after hatching. Females did not hunt until 
the third week after hatching. During most of the day, both sexes rested or preened <0.5 km from nests. 
Varying home range sizes in this and other studies may be a function of harrier responses to differing 
habitat structures and prey availability or vulnerability to capture. 

Breeding behavior of the Holarctic Northern (Hen) 
Harrier (Circus cyaneus) has been studied and dis- 
cussed by Breckenridge (1935), Bent (1937), Brown 
and Amadon (1968), Hamerstrom (1969) and Wat- 
son (1977). These and other studies showed that 
male participation in the breeding effort is limited 
primarily to provisioning prey for their mates and 
young, with incubation or care of young rarely re- 
corded (Bildstein 1979; Thompson and Cornely 
1982). Male abandonment of the breeding effort 
prior to fiedging of young is not uncommon and is 
usually associated with increased hunting activity by 
females (Hamerstrom 1969; Watson 1977). 

Few studies have attempted to quantify male and 
female harrier behavior and activities related to hab- 

itat utilization in upland areas. This study was con- 
ducted from March through July 1981 with the 
objective of determining breeding activities in a hab- 
itat type not typically associated with harriers. 

STUDY AREA AND METHODS 

Four nesting pairs of harriers were selected in the Snake 
River Birds of Prey Area (BOPA) in southwestern Idaho, 
a 338778 ha sanctuary within the Upper Sonoran life 
zone of the Great Basin Region characterized by a cold 
desert physiognomy and climate (Odum 1971; USD I 1979). 
Nesting or pair-bonded harriers were located using meth- 
ods discussed by Hamerstrom (1969, 1986). Emphasis was 
placed on determining behavior and activities of breeding 
male harriers occurring within the BOPA. Precautions 
were taken to avoid investigator disturbances near nests 
[i.e., trampling vegetation and creating paths for predators 
to follow (Fyfe and Olendorff 1976)]. 

Habitats were categorized into six types: water, ripar- 
ian, shrub-steppe, cultivated fields, abandoned fields, and 
barren soils. Water habitats were open waters of the Snake 
River, reservoirs, and irrigation systems. Riparian habitat 
consisted primarily of pampas grass (Phragmites cornmu- 
ms), bulrush (Scirpus sp.), stinging nettle (Urtica sp.), wil- 

low (Salix sp.), and tamarisk (Tamarix pentandra). Grease- 
wood (Sarcobatus vermiculatus) formed a transitional zone 
between riparian and shrub-steppe habitats and was in- 
cluded in the riparian habitat category. Shrub-steppe was 
the dominant upland habitat, consisting primarily of big 
sagebrush (Artemisia tridentata), cheatgrass (Bromus rec- 
torurn), and shadscale (Atriplex confertifolia) associations. 
A variety of crops made up cultivated fields, primarily 
alfalfa (Medicago satira), wheat (Triticum aestivum), and 
sugar beets (Beta vulgaris). Cultivated fields were depen- 
dent on water through sprinkle or flood irrigation. Aban- 
doned fields were dry fallow cultivated fields invaded by 
halogeton (Halogeton glomeratus), cheatgrass, and Russian 
thistle (Salsola kali). Barren soils were a variety of mine 
tailings, gravel pits, cliffs, and lava beds. 

Habitat analyses were made by overlaying 1:24000 
USGS topographic maps with a grid. Each square size 
represented 0.405 ha and was assigned a habitat type 
determined from aerial photographs, vegetation maps pro- 
vided by the Boise District Office of the Bureau of Land 
Management, and from field observations. A circular area 
of approximately 200 km 2 was analyzed surrounding each 
of the study nests. On this basis, habitat percentages were 
calculated in order to detail harrier habitat utilization. 

Selected alfalfa fields in the study area where harriers 
were observed hunting were measured for height from the 
ground along linear transects of 10 points. Cutting sched- 
ules were observed and recorded. 

Six harriers were captured using a variety of techniques. 
Two males and two females were captured using a noose- 
halo (Scharf 1968) and a mounted Great Horned Owl 
(Bubo virginianus) on a portable one m high, placed 
3-10 m from the suspected nest. One male was captured 
using an octagonal bal-chatri (Erickson and Hoppe 1979) 
with a Montane Vole (Microtus montanus) as bait. Another 
male was captured using a mist net set ->1 m behind a 
mounted owl. A dho-gaza and mounted owl (Hamerstrom 
1963) attracted several adult harriers but failed to result 
in any captures. Harriers may have detected dho-gazas or 
mist nets due to motion caused by prevalent winds. A wire 
dome with monofilament nooses (Burke 1979) or bownet 
(Hamerstrom 1969) placed over the nest was not used due 
to possible abandonment of eggs or young (Hamerstrom 
1969). 
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Each individual captured was measured, weighed, and 
aged (Hamerstrom 1968). Colored plastic and USFWS 
bands were placed on the legs of each harrier, and a radio 
transmitter was attached to a central rectrix using tech- 
niques described by Dunstan (1973), Beske (1978), and 
modified by Martin (unpubl.). Transmitters used were 
AVM SM-1 units operated at 164 MHz weighing about 
five g when encased in dental acrylic. Transmitter whip 
antennas were trimmed to about 200 mm. Receivers were 

AVM LA-12 units with 10 subchannels, used alternately 
with three-element Yagi or Adcock antennas. 

Prior to capture efforts, monitoring of harrier activities 
began in March during courtship and nest building. Dis- 
tinctive markings and plumages (such as moulting or color 
patterns) were used to distinguish individuals. After radio- 
tagging harriers, behavior and habitat use were sampled 
instantaneously (Altmann 1974) at 10-min intervals from 
0500-2200 H (MST). Monitoring was conducted in 17- 
hr blocks rotating once every seven d to each of the nests. 
The sampling effort was equal through all time periods 
of the day for the length of the study. Emphasis was placed 
on tracking males of a given nest as I assumed they would 
be far ranging, hunting for themselves and their mates, 
while females remained at the nests (Watson 1977). When 
a repeated direction of travel to and from the nest could 
be determined, alternate tracking days were spent in the 
suspected hunting areas and the nest. When possible, con- 
tact between two investigators was maintained by two- 
way radios. One investigator always remained near a given 
nest in the event that visual or radio contact was lost. In 

this manner, lost contact could be regained as the male 
harrier returned to a nest with prey and female behavior 
and activities could be moni-tored concurrently with males. 

Home ranges were determined using the non-statistical 
minimum polygon method (Mohr 1947; Jennrich and 
Turner 1969). Radio telemetry was used primarily to 
assist in visually locating a harrier within a given habitat 
type, then observe its behavioral activities as suggested by 
Craighead et al. (1963) and Mech (1983). Radio trian- 
gulated positions (Mech 1983) were used to clarify harrier 
locations when necessary. All missed data points were 
ehminated from statistical analyses. 

Harrier activities were placed into classes based on a 
scheme similar to those used by Linner (1980), Schipper 
(1977), and Bildstein (1982) [i.e., loafing (perching, rest- 
ing, or preening), feeding, agonistic interactions (both in- 
tra- and interspecific), soaring or gliding, hunting flights 
(either border following or quartering), and other flights 
0ncluding powered transit or high flights)]. Starting, end- 
•ng, and duration of flights or activities, prey deliveries, 
prey items identified, and compass directions of travel to 
and from the nests were recorded. 

Nesting chronology of each nest was determined by 
backdating the first prey taken into the nest, indicating 
hatch of eggs (Hamerstrom 1969). Due to the close prox- 
imity of two of the study nests, it was possible to observe 
harrier behavior and activities concurrently, noting initial 
prey deliveries to newly hatched young, without interfer- 
ing with the established monitoring schedule. In addition, 
two of the nests occupied by radio-tagged harriers were 
examined to determine the age of young by weight and 

length of primary feathers (Munoff 1963; Hamerstrom 
1968; Scharf and Balfour 1971). 

Activities and habitat utilization of individuals were 

combined after synchronizing nesting chronologies into 
similar composite categories for statistical analyses. Sta- 
tistical methods used are from Snedecor and Cochran 

(1967). A breeding effort was assumed to commence with 
the laying of eggs (through incubation of about 30-32 d), 
and ending about 35 d after hatching (with the young 
capable of flight), or about 70 d total (Hammond and 
Henry 1949; Hamerstrom 1969). After hatching of eggs, 
activities and behavior were broken into seven-d units for 

analysis. For some analyses, sample sizes were inadequate 
to list in weekly increments and were grouped into three 
major phases of breeding: incubation, brooding (from hatch 
to the end of the second week), and post-brooding (from 
the start of the third week to the end of the fourth week 

or as young fledged) (Watson 1977). 

RESULTS 

Activities and Behavior--Males. Males were 

observed hunting at first light (+30 min prior to 
sunrise). No prey deliveries were recorded before 
0530 H (MST) and only one prey delivery was 
observed after 1900 H (MST). Prey deliveries/d 
peaked from 0900-1200 H (MST) and this pattern 
remained constant throughout the breeding season 
(Fig. 1). Copulations associated with prey given to 
females were observed for 15.6% of the total prey 
deliveries by males (N = 96), 48.0% occurring prior 
to 0900 H (MST), 35.0% from 0900-1200 H (MST), 
and 17.0% from 1200-1500 H (MST). All copu- 
lations observed were in association with prey de- 
liveries and continued until day 15 of incubation. 

The number of prey items delivered/d by male 
harriers to the nest or females peaked during the 
second week post-hatching. Concurrently, intervals 
between prey deliveries shortened and observed 
hunting activities increased (Fig. 2). For the entire 
season, the males delivered an average of 3.5 prey 
items/d to the female or nest. Prey deliveries ranged 
from one to three items/d during courtship and in- 
cubation, to a maximum of seven items/d during 
brooding, and decreasing to two to three items/d as 
chicks approached fledging. Male harriers were in 
flight during 52% of total observations. Only 20% 
of male flight activities could be classed as hunting 
behavior (Table 1). 

Early in the season males spent most of their time 
loafing near nests (Tables 1 and 2). If monitoring 
had been conducted on a 24-hr basis, it is probable 
that the number of observations of males near nests 

would have been greatly reduced. At least one male 
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Figure 1. Number of prey deliveries/hour of the day for Figure 2. Frequency and number of prey items delivered 
males and females. to nest or female by male Northern Harriers 

did not roost within two km of the nest from the 

onset of incubation. After eggs hatched, the time 
males spent near nests decreased more rapidly than 
females. Foraging sorties by male harriers of 4.5- 
9.5 km were routinely observed. As the breeding 
season progressed, harriers tended to range farther, 
but these observations could not be quantified before 
the study terminated. 

Flights to and from nests followed certain compass 
bearings that were traveled repeatedly throughout 
the nesting season at at least two of the study nests. 
Flight patterns were established during the courtship 
and nest building period, prior to radio-tagging. Due 
to nesting failures, observations were not completed 
for the other two nests. 

Male agonistic interactions observed were pri- 

marily with other male harriers near nests (73.1%, 
N = 82). Most of these interactions occurred early 
in the season as territories were being established. 
Interactions with neighboring males and females de- 
clined through the breeding season. However, re- 
action to other harriers approaching the nest terri- 
tory, even from nearest neighbors, always resulted 
in vigorous pursuit. Males defended an area of about 
0.78 ha with the nest at the center. Borders between 

territories were often defined by vegetation changes 
or height differences, fence lines, or topographic fea- 
tures. Aerial talon-grappling described previously by 
Craig et al. (1982) was observed three times and 
these were the only intraspecific interactions ob- 
served away from nests. 

Interspecific encounters included the pirating of 

Table 1. Activities of male harriers in relation to nesting events. 

PERCENT TIME a 

OTHER 

NESTING EVENTS LOAFING HUNTING b FEEDING AGGRESSION SOARING FLIGHTS c 

Incubation 53 15 2 2 10 18 

Brooding 30 34 2 2 8 24 
Post-brooding 55 12 2 _2 _3 28 
Total for season 46 20 2 2 7 23 

Based on 688 visual or radio contact locations at 10-min intervals from a total of 2256 tracking intervals spent in the field (29.6% actual) 
and excludes observations of male activities between intervals. 

Hunting activities included edge following and quartering flights. 
Other flights were all flights determined not to be hunting or soaring (i.e., gathering nest materials, courtship, and high or transit flights). 
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Table 2. Harrier activities in relation to distance from 

nests for the total breeding season. 

PERCENT ACTIVITIES a 

DISTANCE FROM NESTS MALES FEMALES 

<0.5 km 42.3 85 

0.5-1.0 km 23.9 11 

1.0-2.0 km 7.7 4 

2.0-3.0 km 11.3 0 

3.0-6.0 km 8.5 0 

>6.0 km 6.2 0 

a All activity categories combined, based on 688 male and 250 female 
instantaneous samples at 10-min intervals, plotted on topographic 
maps. 

a large unidentified prey item from a flying Red- 
tailed Hawk (Buteo jamaicensis). Males appeared 
most aggressive towards intruders early in the breed- 
ing season, just prior to or just after start of incu- 
bation. 

Activities and Behavior--Females. Hunting by 
female harriers was not observed prior to the third 
wk post-hatching (Table 3). Females were observed 
routinely for 10-15 min from 0700-0730 H (MST) 
in preening bouts or low flights near nests (<100 
m) from the start of incubation through the second 
wk post-hatching. The only other time females were 
observed away from the nests was for food transfers 
from mates or to assist mates or neighboring harriers 
in attacking intruders (Powers et al. 1984). After 
the beginning of the third wk post-hatching, females 
were observed hunting from 0600-2120 H (MST). 
Female prey deliveries tended to follow the male 
prey delivery pattern from mid-morning to mid- 
afternoon (Fig. 1). Frequency or number of prey 

lOO- .................. 

90 • 
80-' MALES 

FEMALES .... 

7o-' 
. 

ß 

z • 50- 
. 

• 40- $2,8 

i " 
30 '"•'"''-.2..5..0 

.I 15-•.•__•_10 • • 
i , 1_17 8_114 , i i 15-21 22-28 29+ 

INCUBATION DAYS SINCE HATCHING 

Figure 3. Time male and female harriers spent <0.5 km 
from nest site. 

deliveries by females could not be determined quan- 
titatively due to emphasis on monitoring male ac- 
tivities. Additionally, female activities during the in- 
cubation period were not determined (Fig. 3). 

From the beginning of the third wk post-hatching, 
females ranged progressively farther from nests but 
never as extensively as males (Fig. 3). The longest 
flight observed by a female harrier was 600 m. 

Flights to and from nests followed specific com- 
pass bearing, in patterns similar to males; however, 
female direction of travel differed from that of males. 

One harrier pair was observed flying to and from 
the nest in opposite directions. Females continued 
these flight patterns during courtship and nest build- 
ing, and while hunting for themselves and young. 

Intraspecific interactions involving females were 
oriented more towards other females (43.3%, N = 

Table 3. Activities of female harriers in relation to nesting events. 

PERCENT TIME a 

OTHER 

NESTING EVENTS LOAFING HUNTING b FEEDING AGGRESSION SOARING FLIGHTS c 

Incubation ...... 

Brooding 79 0 2 1 1 17 
Post-brooding 64 8 3 1 2 22 
Total for season 46 4 3 1 2 19 

Based on 250 visual or radio contact locations at 10-min intervals from a total of 264 tracking intervals spent in the field (94.7% actual) 
and excludes observations of females' activities between intervals. 

Hunting flights included edge following and quartering flights. 
Other flights were all flights determined not to be hunting or soaring (i.e., gathering nest material, courtship, and high or transit flights) 
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Table 4. Habitat types surrounding study nests in the Snake River Birds of Prey Area, and male harrier habitat 
utilization. 

HABITAT TYPES a 

CULTI- ABANDONED BARREN 

DISTANCE FROM NESTS WATER b RIPARIAN SAGE VATED FIELD SOILS 

Nest-0.5 km 26.6 22.6 
0.5-1.0 km 11.3 27.1 
1.0-2.0 km 37.7 16.2 
2.0-3.0 km 16.1 12.7 
3.0-6.0 km 2.5 3.1 
>6.0 km 1.1 1.0 

Total habitat types 6.9 5.9 

Nest-0.5 km 5.5 81.8 
0.5-1.0 km 2.0 25.8 
1.0-2.0 km 20.0 10.0 

2.0-3.0 km 6.6 20.0 

3.0-6.0 km -- -- 

>6.0 km -- -- 

Total habitat use d 4.5 43.9 

% Male 

% Habitat Types 
46.7 1.0 3.1 -- 

42.2 13.7 2.9 2.8 

25.3 20.8 -- -- 

45.5 20.8 2.6 2.3 

74.9 17.2 1.2 1.1 

77.9 18.0 1.0 1.0 
-- 

67.5 17.9 1.4 0.3 

Habitat Use by Distance c 
-- 1.8 10.9 -- 

6.5 36.7 29.0 -- 

50.0 20.0 -- -- 

66.7 6.7 -- -- 

45.5 54.5 -- -- 

12.5 87.5 -- -- 

17.7 21.3 11.5 -- 

Male Habitat Use Related to Nest Events 

Incubation 3.0 48.0 7.0 21.0 21.0 

Brooding 4.0 18.0 42.0 24.0 12.0 
Post-brooding 4.0 27.0 38.0 23.0 4.0 
Total activities per habitat 

type for season a 4.9 33.3 28.5 22.8 10.6 
Percentage based on 200 km 2 area surrounding study nests determined from aerial photos, vegetation maps, and on-site inspections. 
Harrier use of water habitat limited to over water flights to and from terrestrial habitats. 
Male harrier habitat use determined from 688 instantaneous samples, using radio triangulation or visual contacts. 
Error in total male harrier habitat use and activities due to differences in computation and is not statistically significant. 

90) than males (21.7%, N = 90). Most intraspecific 
encounters occurred early in the season and females 
defended identical areas as males. Male-female in- 

teractions of mated pairs were excluded from con- 
sideration. 

Females were most aggressive towards interspe- 
cific intruders, such as the Great Blue Heron (Ardea 
herodias) (6.5%, N = 90), Canada Goose (Branta 
canadensis) (4.3%, N = 90), and American Coot 
(Fulica americana) (2.1%, N = 90). Encounters with 
Coyotes (Canis latrans) (10.8%, N = 90) have been 
previously reported (Powers et al. 1984). Females 
of several closely grouped nests (seven nests within 
100 m rad) were observed to defensively dive at 
Coyotes and Mule Deer (Odocoileus hemionus). 
Males, when present, would join in such defense but 
were never as vigorous (i.e., did not dive as low or 

as prolonged) as females after eggs hatched. Deer 
were suspected of trampling one nest in the study 
area. 

Habitat Use--Males. Due to problems in visual 
and radio-tracking, home ranges for male harriers 
could only be approximated. Enderson and Kirven 
(1983) discuss problems in radio-tracking Peregrine 
Falcons (Falco peregrinus), similar to those encoun- 
tered during this study. The estimated minimum 
mean home range for males of the four study nests 
was 15.7 km 2 (range 9.7-17.7 km2). 

Chi-square (X 2) analyses were made for each hab- 
itat type occurring at various distances from the nests 
in order to compare expected habitat use by males 
to available habitat in the study area (after Nicholls 
and Warner 1972). Male harriers used riparian 
habitats significantly more (P = 0.01) and shrub- 
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steppe habitat significantly less (P = 0.01) than ex- 
pected. The dominant habitat type in the study area 
was shrub-steppe (67.5%) with riparian habitat rel- 
atively uncommon (5.9%), but males frequented ri- 
parian habitat most often (43.9%) (Table 4). If ir- 
rigated cultivated fields are considered similar to 
riparian habitats based on availability of free water 
(Thomas et al. 1979), male activities in riparian- 
like habitats increases to 66.2% of total observations. 

Male activity in shrub-steppe habitat were limited 
to 17.7% of total observations (Table 4). 

A total of 20 observations of males with identi- 

fiable prey items were recorded. An apparent shift 
from mammalian prey to reptilian prey appeared to 
be associated with alfalfa growth. All voles delivered 
by males to the nest or female (30% of total prey 
items) were observed prior to alfalfa growth of 46 
cm. Following alfalfa growth to 46 cm in height, 
males delivered mostly Western Whiptails (Cne- 
midophorus tigris) (35% of total prey items). Other 
prey items identified included the Kangaroo Rat (Di- 
podomys sp., 15%), Deer Mouse (Perornyscus 
rnaniculatus, 5%), juvenile Nuttall's Cottontail (Syl- 
vilagus nuttallii, 10%), Red-winged Blackbird (Age- 
laius phoeniceus, 5%) and showed no patterns asso- 
ciated with changes in vegetation height. 

Male harrier activities in alfalfa fields were neg- 
atively correlated with vegetation height (r -- -0.857, 
P < 0.05). However, activities in shrub-steppe hab- 
itat were positively correlated with alfalfa height 
(r = 0.914, P < 0.05). These relationships suggest 
a shift in habitat preference by hunting male harriers 
to more open shrub-steppe habitats as alfalfa growth 
approached an average height of 46 cm. Further, a 
distinct increase can be observed in harrier activities 

in shrub-steppe habitat after hatching of young (Ta- 
ble 4). Male harriers from three of the four study 
nests were observed in this apparent habitat and prey 
shift. The first cutting of alfalfa fields occurred about 
1 June when alfalfa growth reached an average height 
of 61 cm. Following cutting of alfalfa, males ap- 
peared to return to the fields to hunt, but this could 
not be quantified before the study terminated. No 
other significant patterns were observed between 
harrier activities and habitat types. 

Habitat Use--Females. Minimum home range 
size for the two study females was estimated at 1.13 
km 2. Females were observed only in riparian and 
cultivated habitats directly adjacent to nests. 

Females were observed with only two prey items: 

a vole, and a Red-winged Blackbird caught in mid- 
air from a mobbing flock as it passed below the 
female's plane of flight. A similar response by female 
harriers to mobbing has been reported by England 
(1986). 

DISCUSSION 

Habitat Use and Foraging Behavior. Habitat 
use by harriers has been discussed by Nieboer (1973), 
Schipper (1973, 1977) and Watson (1977), mostly 
in reference to sympatric occurrence with other har- 
rier species. Northern Harriers in North America 
are typically associated with lowlands, brackish or 
fresh water marshes, and mesic grasslands (Bent 
1937; Brown and Amadon 1968; Apfelbaum and 
Seelbach 1983). Additionally, harriers are found in 
upland habitats distant from water sources (Rees 
1976; Duebbert and Lokemoen 1977; Call 1978; 
Thurow et al. 1980; Thompson-Hanson 1984; Ry- 
ser 1985). In the Palearctic the Hen Harrier usually 
occupies drier open grasslands (Cramp 1908; Har- 
rison 1982). Watson (1977) suggests that harriers 
secondarily occupy lowlands in North America due 
to a lack of competition with other harrier species. 

Although the few prey items observed in this study 
are peripheral to the initial objective of determining 
habitat utilization, they collaborate with previous 
studies showing breeding harriers to be highly de- 
pendent on certain prey species, principally voles 
(Craighead and Craighead 1956; Hamerstrom 1969, 
1979, 1986; Barnard 1983; MacWhirter 1985), and 
indirectly indicate foraging patterns and habitat use. 

When temporal changes occur in prey densities, 
predators have been observed shifting to the second 
highest prey density (Taylor 1984). MacWhirter 
(1985) found nesting harriers at Tantramar Marsh, 
New Brunswick, principally predating voles but ob- 
served a significant shift to fledging passerines in 
late-June and early-July. Barnard (1983) also ob- 
served a significant prey shift, from voles to passer~ 
ines. Errington (1933) and Errington and Breck- 
enridge (1936) observed prey shifts, resulting in a 
succession of prey species appearing in the diet of 
harriers through the breeding season. However, 
Watson (1977) implies that any abundant popula- 
tion readily accessible to harriers may be substituted 
as prey. If voles are rare or absent, harriers prey on 
birds, primarily passerines (Schipper 1973, 1977; 
Watson 1977; Picozzi 1978; Barnard 1983; 
MacWhirter 1985). Rees (1976) observed nesting 
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harriers in shrub-steppe habitats of eastern Wash- 
ington preying exclusively on vole populations. 

Data collected by Diller and Johnson (1982) in- 
dicate that riparian habitats support the greatest 
number of vertebrate species. Montan (1977) ob- 
served the greatest rodent numbers in the BOPA in 
riparian zones, with microtine species found only in 
wet sites such as riparian or irrigated cultivated hab- 
itats. It may be assumed that voles are limited in the 
BOPA due to the predominantly xeric environment. 
I found evidence of voles (i.e., runways, cuttings, 
and actual observations) only in riparian habitats 
including adjacent greasewood understory. Diller and 
Johnson (1982) observed only moderate numbers of 
Western Whiptails in greasewood and riparian hab- 
itats, and low numbers in big sagebrush habitats. 
However, they predicted that whiptails had the 
greatest potential as a prey species due to their ubiq- 
uity and relatively high mean biomass (g/ha). I ob- 
served Western Whiptails only in shrub-steppe hab- 
itats, but no effort was made to determine numbers 
in this or other habitat types. 

Craighead and Craighead (1956) found raptor 
numbers directly related to prey vulnerability but 
not related to prey density. Wakeley (1979), Bechard 
(1982) and Janes (1985) suggest that factors other 
than prey availability or density, such as vegetative 
cover or structure, may influence foraging patterns 
by raptors. Errington and Breckenridge (1936) not- 
ed that alteration of vegetation structure, such as 
mowing, increased vulnerability of some prey species 
to predation by harriers. Montan (1977) noted that 
irrigated wheat fields attracted breeding deer mice 
and voles, but wheat is harvested only once and 
grows to a height which renders prey less vulnerable 
to predation. In contrast alfalfa is harvested several 
times during its growing season, continually altering 
vegetation structure and density. As indicated in this 
study, voles were predated in alfalfa fields prior to 
vegetation height of 46 cm and after cutting of alfalfa 
fields. The shift to Western Whiptails is probably 
a response to the reduced vulnerability of voles. Dil- 
ler and Johnson (1982) observed that habitats with 
high lizard densities had relatively low percent ground 
cover with many areas of open ground or rocks. Such 
habitat characteristics would probably increase vul- 
nerability of Western Whiptails to predation by har- 
riers. 

Rice (1982) demonstrated that harriers depend 
heavily on auditory cues to locate prey. Harriers 

may be at a disadvantage in locating or capturing 
prey in high, dense vegetation similar to alfalfa )46 
cm. Difficulty in plunging through dense vegetation 
to capture prey may also be a major disadvantage, 
allowing escape time for potential prey. Both vole 
and lizard movements were highly audible in natural 
habitats to 2.0 m (pers. observ.). 

Harriers appeared to prey upon high density, vul- 
nerable vole populations in riparian-like habitats. 
When vole vulnerability to predation decreased, har- 
riers shifted to low density, relatively high biomass 
Western Whiptail populations vulnerable to pre- 
dation in open shrub-steppe habitats. 

Temeles (1986) observed partitioning of foraging 
behaviors and habitat utilization between sexes in 

wintering harriers. Observations of males and fe- 
males foraging in different directions from nests sug- 
gests that foraging behavior and habitat differences 
between sexes may continue during the breeding 
season, except when females are dependent on mates 
provisioning prey. 

Home Range. Previous studies have observed male 
harriers hunting 4.0-7.0 km from the nest and may 
range even farther (Schipper 1973, 1977; Watson 
1977; Barnard 1983; Thompson-Hanson 1984). 
Home range sizes observed in the BOPA differ con- 
siderably from those observed by Breckenridge 
(1935), who estimated 2.49 km 2 to be an individual 
home range for harriers in mesic habitats of Min- 
nesota. Craighead and Craighead (1956) estimated 
home range for breeding harriers at 2.1 km 2 (range 
0.6-6.3 km2). Hamerstrom and De La Ronde Wilde 
(1973) and Picozzi (1978) estimated a home range 
for a breeding pair to be 8.8 km 2 and 14.0 km 2, 
respectively. Schipper (1977) observed home ranges 
of males sympatric with other harrier species varying 
from 1.8-12.3 km 2 (.• = 4.97 km2). Balfour (1962) 
estimated harrier hunting ranges in Orkney with no 
sympatric competitors to be 66.4 km 2. Thompson- 
Hanson (1984) found male home ranges in the shrub- 
steppe of eastern Washington varied from 72.1-366.0 
km 2. 

Minimum home ranges estimated for females in 
this study are similar to those observed by Craighead 
and Craighead (1956) and Schipper (1977). Watson 
(1977) noted that females usually hunt a smaller 
area than males, but Balfour (1957) observed a fe- 
male at eight km from a nest with young. 

Thompson-Hanson (1984) critically reviewed field 
methods and various analyses of radiotelemetric data 
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for determining home range size for harriers, con- 
cluding that the minimum convex polygon method 
underestimates home range sizes. Swihart and Slade 
(1985) determined that nonstatistical methods, such 
as those used in estimating home ranges for harriers 
in this and other studies are valid, and that some 
statistical analyses may overestimate home range de- 
pending on the sampling interval of radio locations. 
However, large home ranges observed by Balfour 
(1962), Thompson-Hanson (1984) and this study 
may result from differences in habitat type and struc- 
ture, or prey availability or vulnerability to capture. 
MacArthur and Pianka (1966), Schoener (1971, 
1983) and Hixon (1980) predicted that the most 
probable response to a decrease in prey density is 
an increase in the foraging area. 

Conclusion. Presuming the rationale of optimal 
foraging theory (Krebs et al. 1983), harriers may 
have visited relatively uncommon riparian and ri- 
parian-like (cultivated) habitats as long as foraging 
efforts were successful. When foraging efficiency de- 
clined, harriers shifted to common shrub-steppe hab- 
itat. After alteration of vegetation structure, increas- 
ing foraging efficiency of voles, harriers returned to 
riparian-like habitats. Rather than shifting specific 
search images of prey species (voles to lizards), har- 
riers may have shifted foraging locations (riparian 
to shrub-steppe), each with differing prey species 
compositions. Such shifts in foraging location have 
been discussed by Royama (1970, 1971), Krebs et 
al. (1983) and Taylor (1984), or as a predator re- 
sponse to patchy or intermittent resources (Mac- 
Arthur and Pianka 1966). Male harriers selectively 
foraging in habitat types with an associated prey 
species easily captured may have been observed dur- 
ing this study. Additionally, with male harriers pref- 
erentially foraging a select percentage of available 
habitat types, large home ranges were observed. 
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